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@ Motivations for direct gaugino searches
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@ Overall search strategy
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Motivation direct gaugino searches

Squark-gluino-neutralino model, m(i?) =0GeV
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@ Possible that gluinos and first two generation
squarks are too heavy for direct production
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@ While easiest SUSY to search for, light squarks
ol of the first two generations are not necessary
B for higgs mass stabilization
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arXiv:1110.6926v1 5
ATLAS 4.7fb=1 0-lepton search

Naturalness considerations

@ To prevent fine tuning to higgs mass need g
light higgsinos

@ Higgsinos masses directly depend on

° )2% X3 and X} can be light

natural SUSY decoupled SUSY

If SUSY is discovered, gaugino searches
will be critical for exploring SUSY structure


https://cdsweb.cern.ch/record/1432199

Simplified models
Considers a specific process
lv v, l

lv

Place limit on o x BR for each process

Pro: Limits applicable to any model
containing this process

Pro: No assumptions about the SUSY
breaking sector

@ Pro: Useful for optimization

Con: Have to decide what diagrams
to investigate

pMSSM
Based on 19-parameter pMSSM

@ If assuming that colored SUSY is
heavy then only need M1, M2, i and
tan(B)

@ Pro: Contains mixtures of all
processes

N‘ composition

ISASUSY
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@ Pro: Based on actual SUSY model
@ Con: Assumes MSSM

Two complimentary paradigms used in these analyses
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Direct gaugino search strategy

Production  Decay Signal region
() + (Fv78)  3lep

0% (£+€;iss>2?) + (Fw%?) 2 lep (OS or SS) + jet veto
(0= X3) + (qgii) 0S 2 lep + jets
X1 Xo (ﬁ*u)a)) + (£71/>~<(1)) OS 2 lep + jet veto
35 (£+€_>2?) + (£+£—>2‘1’) 4 lepton
Prospino
5 T T T ~+ ~0
= -ModeA(FT) 3 X1 X2
2 *Mode CErL) 7
8 +Mode D GF) @ Best covered by 3-lepton
5 . E @ SS 2-lepton also has power for
9 eatoe 3 .
z E cases where one £ is not
3 reconstructed
10, ‘ ‘ ‘ E @ Statistically combining SS and
100 200 300 400 500

m, ;[GeV] 3-lepton seen to have further
Decays with and without intermediate-# possible reach than SS inclusive
No sensitivity in no-/ case in 4.7fb—!

BR(W/Z — ) kills yield 5/21



{1 X3 search using same-sign dileptons in 1.04fb"

Searches for supersymmetry using final states with two-leptons and missing
transverse momentum with the ATLAS detector in sqrt(s) = 7 TeV proton-proton
collisions

Phys. Lett. B709 (2012) 137-157
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Signal region definition

Designed for strong production, also sensitive to weak production

Lepia o The relevant direct gaugino processes

v/t 1972 v/l

Leading lepton has higher
requirement due to trigger

@ etet 25 20 GeV
o pFut 20, 10 Gev
) ejt,u:E 25, 10 GeV

e utet 20,20 Gev Co o
g / Primary backgrounds
Event selection @ Events with fake leptons
. e QCD

@ 2 same-sign leptons o W — v
@ Primary vix. > 5 tracks o tt
@ Cosmic muon veto @ Charge flipped electrons (eTe® & e*p™)
@ my > 12 GeV o WW
@ EMiss > 100 GeV o tt

o @ WZ, ZZ, and W W= (taken from MC)
@ Inclusive jets




The matrix method employs a set of linear equations relating kinematic properties
of the leptons to the real and fake lepton composition

@ Use isolation to define “loose” and “tight” leptons
e “tight” are the signal leptons
o “loose” leptons have more relaxed isolation requirements
@ The fake rate f is the probability that a loose fake lepton
passes tight requirements
@ The real efficiency r is the probability that a loose real lepton
passes tight requirements

Nrr rr rf fr ff Ngrr
NTL _ r(l—r) I‘(l—f) f(l—r) f(l—f) NRF
Ner| aQ=r)r (1-nr)f 1-"F)r (1-N)f Neg
Ne|  lasna-n a-na-fn @-H-n Q- HE- ) [ Nee

From all events with at least two loose in signal region
can get an estimate for the number of fake events



Charge flip electrons

ATLAS

® Data2011 (\s=7TeV)
A SM Background
[ Fake Leptons

[ Z+iets

@ orell-Yan
(B Diboson

T T

¥

5 T T T T
O 10°E]Ldt~1.041" dilepton [SS]
N
T 2
eq £ g
soft €hard L%
ks
€soft
“hard i
¥ 3
Chard %
-
%30 60 80 100

120

1. Measure the charge flip rate using Z — ee MC truth
2. Rate adjusted by a flat factor to reproduce SS Z-peak

o Necessary as flip rate in data not same as in MC

140

160 180 >180
M, [GeV]

3. Apply this rate to the OS WW and tt events to get estimate
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1.04fb~1 SS results

Same Sign [SS-SR1] et et et E nEuE 3
Fake 35£1.6 144+44 9.2£33 g
Charge flip 0.7340.08 1.1+0.14 neg. H
Dibosons 0.79 + 0.27 1.7+£0.5 1.14+0.22 °
Standard Model 5.0 + 1.65 17.2 £ 4.4 10.3 £3.3
Cosmic rays <103 <103 <1073
Observed 6 14 5

DataMC

Model-independent Axe x o limit ED ST
e e

Background Obs. 95% CL, N
326£70 25 148 LIl

T
m_: = M.o, M.
%, %,

IS

Cross Section Excluded at 95% CL [pb]

T T
o = Misp + 1/2 (mr - mi?)

jl_ dt =1.04 fb™!, \s=7 TeV
g — Observed 95% CL

-+ Expected
- Expectedt 1o _.-"

RERS = it — 00R300%3 Nimits .

@ Assumes m; midway between

200
t - -
degenerate X3 ,Xg and X(l)

150
@ Also explored fractions of 100E
1/4 and 3/4
50
@ Colors are limit on cross section
of diagram 0 0.2

@ Curve is limit using pure

==}
weakino X7 X3 10/21
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X1 X2 search using three-lepton events in 2.06fb!

Search for supersymmetry in events with three leptons and missing transverse
momentum in sqrt(s) = 7 TeV pp collisions with the ATLAS detector

arXiv:1204.5638
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Analysis overview

Electrons: pr > 10 GeV
@ 15GeV in calorimeter crack
Muons: pr > 10 GeV

Using single-lepton triggers —
leading lepton pr

@ >25GeVife
@ > 20 GeVifpu

v

Event selection

@ Primary vertex > 5 tracks

@ Cosmic muon veto

@ 3 leptons

@ At least one SFOS pair
o my > 20 GeV

~t o~ . . Lo
X1 Xg production decaying via £ is a three-lepton process

@ Veto events with

@ Veto events with b-jets

Two orthogonal signal regions

SR1 (Z-veto)

|msros — mz| < 10 GeV

@ b-jet's tagged with a neural
network
o Cut is 60% efficient

N

SR2 (Z-rich)
@ Require |msros — mz| < 10 GeV

@ Inclusive with respect to b-jets
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Three-lepton background overview

Irreducible background from MC
@ ZZ and WZ
o tt+V

Fake leptons

@ Matrix method

@ Leading lepton in 3-lepton events is real 99% of time
@ Use 4 x 4 matrix with 2™d and 3" leptons
°

Includes contribution from internal conversion to electrons

Internal conversions to muons
@ Use i and pjup events with EXisS < 50 GeV to
determine the probability of conversion.
@ Neony. =(N,,,, passing all SR cuts but the
3-lepton requirement) X (Probability of
conversion)




3-lepton fakes

Primary sources of fakes Fake rates measured in
@ Heavy flavor quark decay o tt MC
@ Electrons from ~ conversion @ boson MC

Fake rate used for SR: fsg = Z(SFi x RY, x f7)

i

i — Type of fake: heavy flavor jet or electron conversion
j — Source of fake: tt or bosons
SFi — Scale factor for fake type i
RY, — MC-derived fraction of fake type i and process j in SR

SR

fi — Fake rate for fake type i from process j
v

MC fake rates normalized to data using scale factors

@ Heavy flavor SF obtained from HF tag and probe

@ Conversion SF obtained from Z — pp + v sample

14 /21



Data prediction comparisons

SR1

T T T T
_[L dt=206f"  —e Data2ott

In addition to the SR’s there are two validation regions

Events / 20 GeV

@ Dominated by Z/v*
@ 3 signal leptons @ 3 signal leptons
@ 30< E{f‘iss < 50 GeV @ Veto on SFOS pairs

@ Dominated by tt

80 100 120 140 ”” 180
. E7* [GeV]
Reference point:

@ ElISS > 50 GeV

m m_g,mz,m_g) =
(ifb g M X(IJ)

(250, 250, 175, 100) GeV

Selection VR1 VR2 SR1 SR2 SR2

tt W*/Z* 1.44+1.1 0.7+0.6 0.44+03 2.7+21 _ B —
zzZ* 6.7+1.5 0.03+0.04 0.7+0.2 3.4+0.8 g ::;L;T:V [ra-zosm Dot
wz* 61+11 0.440.2 1142 58+11 % | N
Reducible Bkg. 56135 1449 14+4 75+39 & 8=
Total Bkg. 125437 1549 26+5 72+12 w
Data 122 12 32 95

100 120 140 160 180
E7* [GeV]
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M, [GeV]

350
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TOq

Model-independent Axe x o limit

SR

95% CL,
expected [fb]

limit

observed [fb]

SR1 (Z-veto)
SR2 (Z-rich)

141

9.9
23.8

Limit in pMSSM

[ ATLAS ! "
J‘L\dl 2,065, \ﬁ 7Te\/
M=100 GeV, tanB =6
Dobsewed> 95% CLg
Expected 95% CL

- Expected =15

T
3,
o

S

" (heose)

ST T T T

o
11

mass [GeV]

Limit in X3 X3 simplified models

500
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400

L L LR L L

T T T
ATLAS

A>TV HENITUE S IVE v T

I'Tli: = ITIT);
my = (rm + m.u)/2

— Observed 95% CLg
“““““ Expected 95% CL
-+ Expected+1c

% Reference point
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T T T
JLdt=2.os¢b", \Ns=7TeV

300

350
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Z; mass [GeV]

21

Cross Section Excluded at 95% CL [pbl



¥9X2 search using four-lepton events in 2.06fb!

Search for supersymmetry in events with four or more leptons and missing
transverse momentum in pp collisions at sqrt(s) = 7 TeV with the ATLAS
detector

ATLAS-CONF-2012-001
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Analysis overview

Leptons
Electrons: pr > 10 GeV

Backgrounds from MC

@ 15GeV in calorimeter crack Most negligible
Muons: pr > 10 GeV @ Only processes resulting in > 2
Using single-lepton triggers — true leptons considered
leading lepton pr o MC studies of W — (v
@ > 25 eV ife verify negligible contribution
. from 0 and 1 lepton
@ >20 GeVif p processes

_ @ Z — U0+~ negligible
Event selection e Not in MC

@ Primary vertex > 5 tracks @ Measure probability in data
from ratio of Ngey to Negee

@ Cosmic muon veto
where |myge, — mz| and
@ At least 4 leptons |Megee — mz| < 10 GeV
@ Veto on events with a SFOS © Nz_oery+ =(Neey passing
pair with msros < 20 GeV all but 4-lepton

cut) X (Probability of conv.)
v 18/21
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Results

[ I All Il eeee [ eeep [ eepLp [ ey [ LU ]
tt 0.174+0.14 0.01140.042 0.02740.042 0.0940.06 0.05+0.07 0+0.018
Single t 040.04 040.04 040.04 0+0.04 040.04 040.04
ttV 0.48+0.21 0.07240.037 0.12+0.06 0.1440.07 0.08+0.04 0.059+0.032
zz 0.4440.19 0.1440.08 0.016+0.012 0.214+0.12 0.047+0.032 0.025+0.045
wz 0.25+0.10 0.015+0.022 0.07+£0.04 0.050+0.032 0.11+0.06 040.011
ww 0+40.015 0+0.015 0+40.015 040.015 0+0.015 040.015
Zy 0+0.5 0+0.5 0+0.5 040.5 0+0.5 0+0.5
Z+(u, d, s jets) 0.33+0.67 0.33+0.67 0+£0.29 040.29 0+£0.29 0+40.29
Z+(c, b jets) 0.024+0.035 0+0.17 0+£0.17 040.17 0.024+0.035 0+£0.17
Drell-Yan 0+£0.05 0+£0.05 0+40.017 040.017 040.016 040.017
¥ SM 1.740.9 0.6+0.8 0.24+0.57 0.5+0.6 0.32+0.55 0.08+£0.57
Data 4 0 1 2 0 1
10°E vsL 7 T;V ‘J‘L m‘ = 2.<;e fb"‘ ‘ -o‘- Da\a‘ 2011 ‘
&5 Total SM

L ATLAS Preliminary O

Model-independent Axe X o limit

wz
_______________ Dzz-m

Events / 20 GeV

Expected: 2.1 fb  Observed: 3.5 fb

< DGwSL is from the pMSSM

sl vl vl il il

E o El @ M1 = 100GeV @ =160 GeV

E DAz a beessaed =" "%, =

0 20 40 60 80 100 120 140 160 180 200 220 (* ) M2 = 250GeV o tan(ﬁ) =6

ET** [GeV] 19/21




ts and the future

Searching for weakly produced SUSY in 2 and 3-lepton channels

A completely new analysis Extend the 2fb=! analysis

@ Xi Xi production in OS-+jet veto @ Try to reduce systematic
@ X %3 production in SS-+jet veto uncertainties
@ 7 pair production in OS-+jet veto © nprevemen e W2 esimeie

. . ) i
@ Also a search in OS+jets channel lappronsenrant ¢f (i csmmans )

4

Moving on to 2012
@ Increased luminosity — modes with out intermediate sleptons
may become viable.
@ Investigation of predominately-higgsino decays
@ Inclusion of 7's
@ Closer collaboration between two and multi-lepton searches

— combined limits
20/21



No SUSY yet!
@ Strongest limits include the first two generations of §'s
@ No naturalness requirement for these to be light
@ To satisfy naturalness gauginos should be relatively light
@ Direct gaugino limits much weaker

Significant team at ATLAS committed to direct gaugino searches
@ Using 2, 3, and 4-lepton channels
@ Have already produced limits using all three channels

Have been focusing on the case with intermediate {'s
o Limited sensitivity in 4.7fb= for no-f case due to BR(W/Z — ¢)

@ Should be able to explore no-¢ case in 2012
@ Developing expertise for 2012

o Signal region optimization

o Data driven background techniques
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CDF Results

mSUGRA: tanp=3, u>0, AO:O, m0:60 GeV

-E K CDF Run II Preliminary: 700-1000 pb'1
2 18 K — Ono*BR .

.g- 1% OnLo¥BR Uncertainty

ﬁ 1 — 95% CL Upper Limit: observed
g L4y e 95% CL Upper Limit: expected
2 K [] Expected Limit £ 26

Az 1.2 [ Expected Limit + 1o

soa

T 1

0.8 [N
0.6

04F

0.2 £ Excluded
B|by LEP
PR S S S AN S S S AN S S S N
?00 110 120 130 140 150
Chargino Mass (GeV/cZ)

PRL 99, 191806 (2007)
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